PHOTOCATALYTIC DEGRADATION OF PHARMACEUTICAL DRUG ZIDOVUDINE BY UNDOPED AND 5 % BARIUM DOPED ZINC OXIDE NANOPARTICLES DURING WATER TREATMENT: SYNTHESIS AND CHARACTERISATION by Bhamare, Vijaykumar S. & Kulkarni, Raviraj M.
 
 
PHOTOCATALYTIC DEGRADATION OF PHARMACEUTICAL DRUG ZIDOVUDINE BY UNDOPED 
AND 5 % BARIUM DOPED ZINC OXIDE NANOPARTICLES DURING WATER TREATMENT: 




Department of Chemistry, KLS Gogte Institute of Technology (Autonomous), Affiliated to Visvesvaraya Technological University Belagavi 
590008, Karnataka, India 
Email: vbhamare37@gmail.com 
, RAVIRAJ M. KULKARNI 
Received: 17 Oct 2018, Revised and Accepted: 12 Dec 2018 
ABSTRACT 
Objective: To study the photocatalytic degradation of pharmaceutical drug zidovudine (ZDV) by synthesized undoped zinc oxide nanoparticles 
(ZONPs) and 5% (mole ratio) barium doped zinc oxide nanoparticles (BZONPs) during water treatment. 
Methods: Kinetics studies were carried out with the help of UV-Visible Spectrophotometer. High-Resolution Mass Spectrophotometry (HR-MS) was 
used to identify products. A photo-reactor with mercury lamp was used as an external source of light energy. Optical power meter was used for the 
measurement of light intensity. The particle size of the synthesized photocatalysts was identified with the help of siemens x-ray diffractometer 
(XRD). The surface topography of photocatalysts was done by scanning electron microscope (SEM). Transmission electron microscopy (TEM) was 
used for the studies of particle size and morphology. 
Results: Five degraded products of ZDV are identified by HR-MS. A suitable electron-hole pair mechanism is projected. XRD patterns show that the 
intensity of peak is slightly stronger in ZONPs. There is an increase in the rate of photocatalytic degradation of ZDV by adding different quantities of 
photocatalyst from 0.05 g l-1 to 0.1 g l-1
Conclusion: The rates of photocatalytic degradation of ZDV were found to be higher using 5 % (mole ratio) BZONPs as a photocatalyst. 
. The kinetic data reveals that there is an initial increase in the values of rate constants with the increase in 
the concentration of ZDV. The kinetic data indicate that the values of rate constants are higher at pH = 9. There is an increase in the rate constant 
values with an increase in the light intensities of UV lamp.  
Keywords: Water treatment, Pharmaceutical emerging contaminants, Nanotechnology, Doped zinc oxide nanoparticles, Characterisation, Photocatalysis 




There are the huge number of harmful pharmaceutical drugs detected 
in environmental waters that badly affects human health and animals 
[1]. Due to this, a systematic study is very much needed to understand 
the transport, occurrence, and fate of pharmaceutical drugs present in 
environmental waters as per world health organization (WHO) report 
[2]. Many oxidations techniques are reported for the elimination of 
harmful organic micro-contaminants found in environmental waters 
[3]. The complete elimination of the harmful organic micro-
contaminants is not feasible by conventional and biological methods 
[4]. Chlorination is commonly used to disinfect water by killing 
harmful germs and bacteria, but the by-products of this conventional 
method are harmful to living organisms [5, 6]. Heptavalent Manganese 
(HVMG) displays disinfection property because it oxidises organic 
micro-contaminants present in environmental waters [7, 8]. HVMG 
shows chromaticity in the treated environmental waters as a major 
shortcoming of this oxidant [9-11].  
Heterogeneous catalysis is preferred over homogeneous catalysis due to 
its low cost, easy recovery of catalyst and multiple active sites [12]. In 
view of this, there was a need of new innovative techniques for complete 
mineralization of harmful organic micro-contaminants [13, 14]. The 
constant rate values are higher in advanced oxidation processes (AOPs) 
than traditional biological methods which make AOPs a better option for 
water treatment process [15, 16]. AOPs are found to be potent for 
destroying pathogens present in environmental waters [17].  
Zinc oxide (ZO) has been seen as a better choice due to its special 
features such as low cost and absorbs the huge fraction of light 
quanta [18, 19]. ZO shows its photocatalytic activity in acidic as well 
as basic conditions [20]. Properties of materials change due to 
change in size close to nanoscale [21]. Zinc oxide nanoparticles 
(ZONPs) have a large number of active sites which makes it potent 
photocatalyst for the degradation of organic substrates [22, 23]. 
ZONPs can be decorated by doping suitable metals to prevent the 
wasteful recombination of an electron-hole pair which improves the 
rate of photocatalytic degradation of harmful organic substrates at 
the surface of doped ZONPs [24, 25]. The doping will reduce the 
band gap energy in metal-doped ZONPs as compared to undoped 
ZONPs [26]. The number of surface defects is observed more in the 
case of doped ZONPs which increases the rate of photocatalytic 
degradation [27]. 
Antiretroviral drugs are designed to slow down the growth of 
viruses which cause infections in humans and animals [28]. 
Zidovudine (ZDV) was approved as the first antiretroviral agent for 
the treatment of acquired immune deficiency syndrome (AIDS) [29]. 
Many research studies have reported the presence of antiretroviral 
drugs in different aqueous systems [30, 31]. ZDV has molecular 










Chemical structure of ZDV
 [32, 33]. 
There are no reports found on photocatalytic degradation of ZDV by 
barium doped zinc oxide nanoparticles (BZONPs). The present study 
includes the effects of various parameters on photocatalytic 
degradation of ZDV. The photodegraded products of ZDV were 
identified, and a suitable mechanism is presented. 
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MATERIALS AND METHODS 
Chemical reagents 
Analytical grade zinc nitrate tetrahydrate, sodium hydroxide, and 
barium nitrate were purchased from HIMEDIA. The sample of 
zidovudine was received as a model compound from Sigma Aldrich. 
All freshly prepared solutions were used to obtain accurate results. 
Acetate (pH 4.0-5.0), phosphate (pH 6.0-8.0) and borate (pH 9.0) 
buffers were prepared.  
Instruments and methods 
A CARY 50 Bio UV-Vis spectrophotometer (Varian BV, The 
Netherlands) with the temperature controller and high-performance 
liquid chromatography (HPLC) (Shimadzu Prominence) were used. 
In order to illuminate the surface of ZONPs and BZONPs 
photocatalysts, a photo-reactor with a mercury lamp (PHILIPS, TUV 
8W T5, Emax
ZONPs and 5 % (mole ratio) BZONPs were synthesized by chemical 
precipitation method. 100 ml zinc nitrate (0.1 mol l
 = 254 nm) as an external source of light energy was 
used to maintain typical light intensity. Optical power meter 
(Newport 2936-C) was used for the measurement of light intensity. 
ZONPs and BZONPs were synthesized and characterized. The 
particle size of synthesized ZONPs and BZONPs were identified with 
the help of siemens x-ray diffractometer (XRD) (Cu source) AXS 
D5005. The surface topography of synthesized ZONPs and BZONPs 
was done by scanning electron microscope (SEM) JEOL JSM 6360. 
Transmission electron microscopy (TEM) JEOL JEM-2010 was used 
for the studies of particle size and morphology of photocatalysts. 
Kinetic results were reproduced with the help of UV-Vis 
spectrophotometer (Varian BV, The Netherlands) with the 
temperature controller and various experiments were carried out 
three times by using semiconducting materials ZONPs and 5% (mole 
ratio) BZONPs as a photocatalyst for the photocatalytic degradation 
of ZDV. Absorbance of the reaction mixtures was recorded every 
time within a day. The rate constants were evaluated for each 
experiment. Experimental data reveals that the constant rate values 
are almost the same for the same kind of experiment at the same 
temperature and suggesting good reproducibility of the obtained 
results. The experimentally determined rate constants were 
reproducible within±6%. All experiments were performed in 
triplicates, and all points in the fig. are the mean of the results and 
error bars show the standard deviation of the means.  
Synthesis of ZONPs and BZONPs 
-1) and 100 ml 
sodium hydroxide (0.2 mol l-1) aqueous solutions were prepared in 
double distilled water. Now, 100 ml zinc nitrate solution was taken 
in a beaker and placed on a magnetic stirrer. In order to inhibit the 
anomalous growth of zinc hydroxide crystals, 10 mg l-1 of sodium 
dodecyl sulphate was mixed as a surfactant into the beaker [34]. 
This reaction mixture was kept for continuous stirring for the period 
of 2 h. Then, 100 ml of 0.2 mol l-1 sodium hydroxide solution was 
added drop by drop with continuous stirring (2000 rpm) to form the 
crystals of zinc hydroxide. After stirring for the period of 5 h, the 
reaction mixture was kept undisturbed for 12 h to discard the 
supernant part of the reaction mixture. The white precipitate was 
then centrifuged. After this, the white precipitate was washed with 
the help of double distilled water and subsequently with ethanol 
many times in order to remove impurities. This zinc hydroxide 
precipitate was dried at temperature 110 °C in an oven for 5 h and 
kept undisturbed for the period of at least 1 h to maintain the room 
temperature. This precipitate was transferred into the mortar and 
grounded into powder form. Then, the white powder was 
transferred into a crucible for the calcination process at 500 °C for 
the period of 2 h in a muffle furnace to convert it into ZONPs. 
Similarly, 5% (mole ratio) BZONPs were also synthesized. In order 
to prepare 5% (mole ratio) BZONPs, 0.05 mol l-1 Ba (NO3)2 solution 
was added into the reaction mixture containing 0.1 mol l-1 zinc 
nitrate solution and 10 mg l-1of sodium dodecyl sulphate as a 
surfactant. Sodium hydroxide solution (0.2 mol l-1
The photocatalytic degradation process  
A suitable quantity of ZDV solution was poured into the Pyrex 
beaker containing a suitable buffer solution (0.2 mol l
) is added drop by 
drop with constant magnetic stirring. The same procedure is 
repeated to enter the barium into interstitial positions of ZONPs 
lattice structure [35].  
-1). In this 
reaction mixture, ZONPs were added and kept undisturbed for a 
period of 2 h in a dark room to attain the equilibrium of adsorption 
and desorption between photocatalyst and organic substrate. Then, 
the reaction mixture was kept into the photo-reactor for 
illumination of the surface of ZONPs with the help of Philips 8 W UV 
lamps at 254 nm. This reaction mixture was kept for continuous 
stirring inside the photo-reactor. Then, the degraded solution was 
taken out and kept for the process of centrifugation at 5000 rpm for 
10 min. Then, the reaction mixture was taken into a cuvette for the 
measurement of absorbance at 267 nm. This kinetic study was 
performed to examine the degree of mineralization of organic 
substrate ZDV by ZONPs. Similarly, the above photocatalytic 
degradation process was repeated for 5% (mole ratio) BZONPs. 
Lambert-Beers law was verified for [ZDV] = 1.0 x 10-6 to 1.0 x 10-5 
mol l-1
RESULTS AND DISCUSSION 
 at 267 nm. 
Comparison of different photocatalysts for the degradation of ZDV 
Rate constant values for the mineralization of ZDV by UV/5% (mole 
ratio) BZONPs were found to be higher as compare to UV and 
UV/ZONPs treatments as shown in fig. 1 and presented in table 1.  
 
 
Fig. 1: Rate constants for the photocatalytic degradation of ZDV 
by various treatments
 
Table 1: Rate constant values for the photo catalytic degradation of ZDV by UV, UV/ZONPs and UV/5% (mole ratio) BZONPs photocatalysts 
at [ZDV] = 1 x 10-5 mol l-1
Different treatments 
 and pH =8 
Rate constants kobs x 103 (min-1) 
UV 4.26 
UV/ZONPs 16.91 
UV/5% (mole ratio) BZONPs 36.12 
 
This confirms that water treatment by 5% (mole ratio) BZONPs 
photocatalyst is more effective than UV and UV/ZONPs treatments 
for the photocatalytic degradation of ZDV. The influence of barium 
doping on the photocatalytic degradation of ZDV was investigated 
thoroughly by using 5 % (mole ratio) BZONPs because 5 % doping of 
barium into the ZnO lattice reduces the particles size and increases 
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the surface reactivity of the photocatalyst which slows down the rate 
of recombination of photo-generated electron and hole [36]. It 
means that 5 % (mole ratio) BZONPs increases the surface charge 
transfer for the higher degree of mineralization of ZDV. Therefore, 
the detail investigation was performed by using the 5% (mole ratio) 
BZONPs.  
Characterization of ZONPs and 5% (mole ratio) BZONPs 
XRD and scherrer equation 
XRD was used to find out the particle size and phase purity of ZONPs 
and 5% (mole ratio) BZONPs. The X-ray diffraction was performed 
at 2 degrees per min to get the binary output. The XRD pattern 
shows intense sharp diffraction peaks at the reflection from (100), 
(002), (101), (102), (110), (103), (200) and (112) crystal planes of 
the hexagonal wurzite structure of ZONPs and 5% (mole ratio) 
BZONPs. No other additional peak related to secondary phases of 
ZONPs and 5 % (mole ratio) BZONPs were observed in the XRD 
pattern. This also confirms the proper doping of barium metal into 
the interstitial position of ZONPs lattice. This observation indicates 
that the hexagonal wurzite structure of ZONPs is not disturbed by 
decorating it with 5 % (mole ratio) barium metal. This confirms that 
the prepared ZONPs and 5 % (mole ratio) BZONPs are found to be in 
a single phase. There is a sharp, intense diffraction peak observed at 
the crystal plane (101) in XRD pattern of both ZONPs and 5 % (mole 
ratio) BZONPs. This observation indicates that ZONPs and 5 % (mole 
ratio) BZONPs growth might have taken place along the easy 
direction of crystallization [37]. XRD patterns of ZONPs and 5 % 
(mole ratio) BZONPs indicates that the intensity of peak is slightly 
stronger in ZONPs. The particle sizes of photocatalysts were 
calculated by Scherrer Eqn (1) [38].  
 ………. (1) 
In this Scherrer Eqn,  denotes X-ray wavelength in angstrom, 𝜭𝜭 
denotes Bragg diffraction angle, D denotes average crystalline 
diameter,  is the full width at half-maximum (WDHM) and  is the 
dimensionless shape factor (0.94 λ). The X-ray wavelength for the 
XRD was 0.154 x10-9 m. The broadening of the sharp intense peak 
observed at crystal plane (101) was made to calculate the particle 
size of the ZONPs and 5 % (mole ratio) BZONPs by Scherrer Eqn (1). 
After putting the values of 𝜆𝜆,  and  in the Scherrer Eqn (1), 
calculated values of average grain size for ZONPs is 35.08 (±3) nm 
and 5 % (mole ratio) BZONPs is 24.39 (±2) nm. The higher value of 
average grain size of ZONPs over 5 % (mole ratio) BZONPs indicate 
that the surface area is increased in the case of 5 % (mole ratio) 
BZONPs and hence the rate of photocatalytic degradation of ZDV by 
5 % (mole ratio) BZONPs photocatalyst is faster. The XRD pattern of 
ZONPs and 5% (mole ratio) BZONPs are presented in fig. 2. 
 
 
Fig. 2: XRD patterns of ZONPs and 5% (mole ratio) BZONPs 
photocatalysts 
 
SEM of ZONPs and 5% (mole ratio) BZONPs photocatalysts 
The surface morphology was studied using SEM. The size, shape, and 
morphologies of ZONPs and 5 % (mole ratio) BZONPs were analyzed 
from SEM images. A voltage of 20 kv was supplied, and the 
microscope was adjusted for obtaining large images of 
photocatalysts. The precision distance was kept 1 µm length. The 
particles can be seen in the SEM images of ZONPs and 5 % (mole 
ratio) BZONPs. These SEM images show that both ZONPs and 5 % 
(mole ratio) BZONPs are uniform and homogeneous with closely 
aggregate oval in shape. The size of particles of 5 % (mole ratio) 
BZONPs was found to be slightly bigger than ZONPs. This 
observation confirms that there is an increase in the surface area of 
5 % (mole ratio) BZONPs which increases the rate of photocatalytic 
degradation of ZDV into harmless substances. SEM images are 
shown in fig. 3a and fig. 3b. 
 
 
Fig. 3a: SEM Micrographs of ZONPs 
 
 
Fig. 3b: SEM micrographs of 5 % (mole ratio) BZONPs 
 
EDX of ZONPs and 5% (mole ratio) BZONPs photocatalysts 
The quantitative elemental analysis for synthesized ZONPs and 5% 
(mole ratio) BZONPs were carried out by EDX (JEOL JED-2300). The 
results of EDX shows that there are only three elements present in 5 
% (mole ratio) BZONPs and no any other element is found as an 
impurity in this pattern. EDX of 5 % (mole ratio) BZONPs shows that 
the mass percentage of zinc is 71.2, oxygen is 23.9 and barium is 
4.78. The atomic percentages of zinc, oxygen and barium elements 
obtained from EDX of 5 % (mole ratio) BZONPs were found to be 
41.6, 57.1 and 1.33 respectively. EDX for ZONPs and 5% (mole ratio) 
BZONPs is presented in fig. 4a and fig. 4b respectively. 
TEM of ZONPs and 5% (mole ratio) BZONPs photocatalysts  
TEM (JEOL JEM-2010) was used to do an analysis of particle size and 
morphology of ZONPs and 5 % (mole ratio) BZONPs. TEM 
micrograph of 5 % (mole ratio) BZONPs shows heterogeneously 
dispersed aggregates having a cylindrical shape and crystalline 
structures. Dispersion of small dark spots was observed in TEM 
micrograph of 5 % (mole ratio) BZONPs which indicates doping of 5 
% (mole ratio) barium metal into interstitial sites of the lattice. 5 % 
(mole ratio) BZONPs are having breadth from 15-20 nm and length 
from 25-30 nm approximately. The crystallite size of prepared nano-
particles is close to ZONPs data received from XRD values. TEM 
micrographs of ZONPs and 5 % (mole ratio) BZONPs are shown in 
fig. 5a and fig. 5b. 
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Fig. 4a: EDX analysis of semiconducting material pure ZONPs 
 












































Fig. 4b: EDX analysis of 5% (mole ratio) BZONPs 
 
 
Fig. 5a: TEM micrographs of ZONPs 
 
 
Fig. 5b: TEM micrographs of 5% (mole ratio) BZONPs 
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Influence of loading of photocatalyst on the rate of 
photocatalytic degradation reactions 
The influence of ZONPs and 5 % (mole ratio) BZONPs on the 
photodegradation of ZDV was studied by adding different 
quantities of photocatalyst varying from 0.05 g l-1 to 0.25 g l-1 
into the reaction mixture and placed it in a photo-reactor at fixed 
[ZDV] = 1 x 10-5 mol l-1 and pH = 8. The experimental data shows 
that there is an increase in the rate of photocatalytic degradation 
from 0.05 g l-1 to 0.1 g l-1
  
 but after that, the rate almost remains 
constant as presented in fig. 6 and listed in table 2 for ZONPs and 
5 % (mole ratio) BZONPs. 
Table 2: Influence of loading of different quantities of photocatalyst ZONPs and 5 % (mole ratio) BZONPs separately at [ZDV] =1 x10-5 mol l
ZONPs or 5 % (mole ratio) [BZONPs] g l
-1 
k-1 obs x 103(min-1
with ZONPs 
) kobs x 102 (min-1
with 5% (mole ratio) BZONPs 
) 
0.025 9.00 1.80 
0.050 12.30 2.46 
0.100 18.20 3.64 
0.200 13.70 2.74 
0.250 10.80 2.16 
 
 
Fig. 6: Influence of loading of different quantities of 
photocatalyst ZONPs and 5% (mole ratio) BZONPs separately at 
[ZDV] = 1 x10-5 mol l-1 
 
The further addition of ZONPs and 5 % (mole ratio) BZONPs into the 
reaction mixtures decreases the constant rate values. The decrease 
in observed rate constant (kobs)  values after the limiting value of 0.1 
g l-1
The [ZDV] was varied in the rage of 2 x 10
 may be due to the increase in turbidity of the reaction mixture 
which prevents UV radiations from reaching to the surface of the 
photocatalyst and slowing down the speed of photocatalytic 
degradation. The initial increase in the rate constant values of the 
photocatalytic degradation may be due to increase in surface area 
and more number of active sites of ZONPs and 5 % (mole ratio) 
BZONPs which may increase the hydroxyl species to degrade more 
number of substrate molecules adsorbed on the surface of 
photocatalyst [39]. 
Effect of change in [ZDV]  
-6 to 2 x 10-5 mol l-1 and 
maintaining other reaction conditions fixed such as the 
concentration of 5 % (mole ratio) BZONPs = 1 g l-1 and pH = 8. The 
kinetic data reveals that there is an initial increase in the values of 
kobs with an increase in [ZDV]. The reason behind it may be 
excitation of a higher number of ZDV substrate molecules which are 
then adsorbed on the surface of 5 % (mole ratio) BZONPs. It is also 
interesting to note that kobs values reach to a maximum value at the 
higher concentration of 1 x 10-5 mol l-1 of ZDV. Then, there is decline 
in the values of kobs as shown in fig. 7 and listed in table 3 for UV, 
UV/ZONPs and UV/5% (mole ratio) BZONPs treatments. The decline 
in the kobs values beyond the higher concentration of 1 x 10-5 mol l-1
 
 
of ZDV may be due to the excess number of substrate molecules 
which acts as a filter for the UV radiations and thereby responsible 
for the decrease in the degree of mineralization of substrate [40].  
 
Fig. 7: Effect of varying [ZDV] from 2 x 10-6 to 2 x 10-5 mol l-1
 
 on 
the rate of photodegradation of ZDV by UV, UV/ZONPs and UV/5 
% (mole ratio) BZONPs at pH = 8
Table 3: Effect of varying [ZDV] from 2 x 10-6 to 2 x 10-5 mol l-1
[ZDV] x 10
 on the rate of photo degradation of ZDV by UV, UV/ZONPs and UV/5 % 
(mole ratio) BZONPs at pH =8 
5 mol l k-1 obs x 103 (min-1
with UV  
) kobs x 103(min-1
with ZONPs  
) kobs x 102(min-1
5% (mole ratio) BZONPs 
) with 
0.2 1.51 6.04 0.68 
0.4 2.27 9.11 1.42 
0.8 3.47 13.48 2.91 
1.0 4.24 16.91 3.61 
1.5 2.62 11.56 3.51 
2.0 1.13 5.24 0.65 
 
Effect of varying pH of reaction mixtures of ZDV and 5 % (mole 
ratio) BZONPs  
The pH was varied in the rage of 5.0 to 9.0 to study its effect on the 
photocatalytic degradation of ZDV by maintaining other reaction 
conditions constants. The absorbance of the reaction mixture was 
recorded from pH 5.0 to 9.0 with the help of UV-Vis spectrophotometer. 
The graph of kobs (min-1) versus pH was plotted as presented in fig. 8 and 
table 4. The kinetic data indicates that the values of rate constants are 
lower at the pH = 5 and higher at the pH =9. 
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Table 4: Effect of varying pH on the rate of photo degradation of ZDV by using 5 % (mole ratio) BZONPs, [5% BZONPs] = 1 g l-1 and [ZDV] 
=1 x 10-5 mol l-
pH 
1 






Fig. 8: Effect of varying pH on the rate of photo degradation 
kinetics of ZDV by using 5 % (mole ratio) BZONPs, [5% BZONPs] 
= 1 g l-1 and [ZDV] =1 x 10-5 mol l
The influence of UV light intensity on the values of k
-1 
 
The reason behind this may be increase in more number of 
hydroxide ions at pH= 9 which are responsible for the generation of 
more number of powerful hydroxyl radicals by combining with 
holes. As a result of this the photocatalytic rate degradation at pH =9 
is higher. It means that at higher alkaline pH, smaller particle size 
and more crystallanity of 5 (mole ratio) % BZONPs shows the faster 
degree of mineralization of organic substrate ZDV with the help of 
source of light energy.  
Influence of light intensity on the photodegradation of organic 
substrate ZDV  
obs (min-1) was 
investigated by changing the distance of UV lamp from the reaction 
mixture. The kinetic data implies that the kobs values are found 
higher at the higher light intensities of UV lamp for the degree of 
mineralization of organic substrate ZDV present in environmental 
waters. The reason behind this increase in the kobs values may be 
due to increase in the number of photons bombarding per unit area 
of 5 % (mole ratio) BZONPs. As a result of this, there is an increase in 
the number of photo-generated electron-hole pairs. The large 
number of photo-generated holes degrades the organic substrate 
ZDV adsorbed on 5 % (mole ratio) BZONPs and forms simple 
substances during the water treatment process [41]. The graph kobs 
(min-1) versus variation in the intensity of UV lamp was plotted and 
presented in fig. 9. The values of kobs (min-1) are listed in table 5 for 
the photodegradation of ZDV. Thus, the variation in the intensity of 




Fig. 9: Influence of variation in light intensity on photo 
degradation of ZDV by 5 % (mole ratio) BZONPs, [5% BZONPs] = 
1 g l-1, [ZDV] = 1 x 10-5 mol l-1
 
 and pH = 8
Table 5: Influence of variation in light intensity on photo degradation of ZDV by 5 % (mole ratio) BZONPs, [5% BZONPs] = 1 g l-1, [ZDV] = 1 
x 10-5 mol l-1
Intensity of UV lamp mW/Cm
and pH=8 







Photo-generated electron-hole pair mechanism for the 
photocatalytic degradation of ZDV 
A suitable quantity of Propan-2-ol as a scavenger of reactive species 
hydroxyl radicals or KI as a quencher of h+ and hydroxyl radical were 
mixed into the reaction mixture to check the photocatalytic 
degradation mechanism of substrate ZDV and 5% (mole ratio) 
BZONPs. The experimental results indicate that h+ are reactive species 
in this plausible mechanism. Therefore, it is supposed that after the 
adsorption of ZDV on 5 % (mole ratio) BZONPs at dark, the destruction 
of ZDV in the presence of UV light could be come first through direct 
reactions of ZDV with h+ 
When irradiated with sufficient wavelength of light energy, electron-
hole pairs are created at the surface of the 5 % (mole ratio) BZONPs 
[42]. Most of these electron-hole pairs are recombined, but this kind 
of recombination of electron and hole is a wasteful process while 
remaining electron-hole pairs which are not recombined starts 
initiating redox reactions in ZDV for its total photodegradation into 
simple substances due to higher redox potentials of photogenerated 
excitons [14]. 
trapped on the photocatalyst surface.  
BZONPs+hv → BZONPs (h++e-
These photo-generated holes (BZONPs) h
) ………. (2) 
+ of the valence band (VB) 
interacts with H2
(BZONPs) h
O and generates reactive powerful hydroxyl free 
radical species.  
++H2O → H+
(BZONPs) h
+. OH ………. (3) 
+ 
(BZONPs) h
may interact with hydroxyl anion to generate the 
reactive hydroxyl species at the VB.  
++OH-→. OH ……….. (4) 
Bhamare et al. 
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The reactive hydroxyl species at the VB of 5 % (mole ratio) BZONPs 
interacts with the adsorbed substrate ZDV to degrade it into smaller 
simple substances.  
ZDV+. OH → Photodegraded Products ……….. (5) 
Now, superoxide radical anions are generated at the conduction 
band (CB) due to the combination of BZONPs (e-) with O2 molecule. 
This may take place due to the transfer of trapped e-from the surface 
of bariumto oxygen atom [43]. It avoids the wasteful recombination 
of photo-generated e-and h+ which increases the rate of the 
photocatalytic degradation of ZDV molecules adsorbed at the surface 
of 5 % (mole ratio) BZONPs. 
(BZONPs) e-+O2 →. O- 2 ……………. (6) 
After this,. O-2 species interacts with H+ ions to generate HO2. free 
radicals. 
. O- 2+H+→ HO2 . ………… (7) 




2 .+e-→ HO2-  ……………. 
HO
(8) 
2- anion then combines with H+ ions to produce hydrogen peroxide.  
HO2-+H+→ H2O2  (9) 
H2O2 then interacts with (BZONPs) e-at the CB to generate-OH and. 
OH species.  
H2O2+(BZONPs) e-→-OH+. OH  (10) 
Now,. OH species may remove a hydrogen atom from the substrate 
ZDV adsorbed at the surface of 5 % (mole ratio) BZONPs to form 
photodegraded products [46-48]. 
. 
The reactions as shown in this mechanism are possible because of 
the presence of dissolved O
OH+ZDV → Photodegraded products ………. (11) 
2 and H2O molecules. In the absence of 
H2
  
O molecules, the formation of powerful hydroxyl free radical 
species is not possible, and it would have been inhibited 
photodegradation of ZDV. The structures of various photodegraded 
products of ZDV labelled as ZDV_P1, ZDV_P2, and ZDV_P3 are shown 
in fig. 10. The UV degraded products of ZDV were identified in the 











m/z = 290.08 (Sodiated peak)
ZDV_P1 m/z = 246.89 (Sodiated peak)
ZDV_P2 m/z = 149.01 (Sodiated Peak)
































Fig. 10: Photodegraded products of substrate ZDV by UV source of radiation 
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Fig. 11a: HR-MS spectra of pure ZDV 






+ mass (Da) 
Molecular 
formula 
Name of the identified photodegraded products of substrate 
ZDV 
ZDV_P1 246.89 224.21 C10H12N2O 1-(5-Hydroxymethyl-2,5-dihydro-furan-2-yl)-5-methyl-1H-
pyrimidine-2,4-dione 
4 
ZDV_P2 149.01 126.11 C5H6N2O 5-Methyl-1H-pyrimidine-2,4-dione 2 
ZDV_P3 136.00 113.11 C5H7NO N-(2-Methyl-3-oxo-propenyl)-formamide 2 
Positive mode electrospray ionization (ESI+
 
) technique was used for the product analysis by HR-MS. The mass spectra for pure ZDV and UV 
degraded ZDV are shown in fig. 11a and 11b. 
 
Fig. 11b: HR-MS spectra of photodegraded products of substrate ZDV, with the help of HR-MS and experimental results, the plausible 
photo-generated electron-hole pair photocatalytic degradation mechanism for ZDV by UV/5 % (mole ratio) BZONPs is presented in fig. 12 
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Fig. 12: Photocatalytic electron hole pair mechanism of ZDV with 5 % (mole ratio) BZONPs 
CONCLUSION 
A suitable electron-hole pair mechanism is projected in agreement 
with results. The average grain size of 5 % (mole ratio) BZONPs 
indicates that its surface area is increased. This concludes that the 
rate of photo-degradation of ZDV is faster using 5 % (mole ratio) 
BZONPs. XRD patterns confirm that the synthesized ZONPs and 5% 
(mole ratio) BZONPs are having wurzite structure. SEM images show 
that ZONPs and 5% (mole ratio) BZONPs are uniform and 
homogeneous with closely aggregate oval in shape. EDX results 
concludes that there are only three elements present in 5 % (mole 
ratio) BZONPs. There is an increase in the rate of photocatalytic 
degradation of ZDV by adding different quantities of photocatalyst 
from 0.05 g l-1 to 0.1 g l-1. The kinetic data indicates that kobs values 
are higher at pH = 9. There is an increase in the kobs
ACKNOWLEDGMENT 
 values with 
increase in light intensities of UV lamp. Experimental results 
conclude that 5 % (mole ratio) BZONPs is a very efficient 
photocatalyst for the photo-degradation of ZDV present in 
environmental waters. 
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